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BELT TYPE CONTINUOUSLY VARIABLE TRANSMISSION 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The invention relates to a belt type continuously variable 
transmission. More particularly, the invention relates to an improvement of a belt type 
continuously variable transmission provided with a movable sheave sliding mechanism 
that slides a movable sheave in the axial direction. 

2. Description of the Related Art 

[0002] A belt type continuously variable transmission (hereinafter also 
referred to as simply "belt type CVT") is typically provided with two rotating shafts 
arranged parallel with one another, a primary pulley attached to one of the rotating shafts 
and a secondary pulley attached to the other of the rotating shafts, and a belt wound 
around V-shaped grooves in the primary and secondary pulleys. The primary and 
secondary pulleys each have an upright fixed sheave that is fixed to the rotating shaft (i.e., 
the primary shaft and the secondary shaft), and an upright movable sheave which slides 
in the axial direction on the rotating shaft. The V-shaped grooves are formed by slanted 
portions of the fixed sheaves and corresponding slanted portions of the movable sheaves 
which face the slanted portions of the fixed sheaves. 

[0003] In this kind of belt type CVT, the speed ratio can be changed 
continuously by changing the width of the V-shaped grooves by sliding the movable 
sheaves in the axial direction of the rotating shafts such that the contact radius of the belt 
and each of the primary and secondary pulleys changes continuously. That is, since the 
ratio of the contact radius on the primary pulley side and the contact radius on the 
secondary pulley side determines the speed ratio of the belt type CVT, this belt type CVT 
is able to change speed ratios continuously by controlling the width of the grooves of the 
primary and secondary pulleys. 

[0004] In a conventional belt type CVT, the movable sheave must be 
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slid in the direction of the rotational axis in order to change speed ratios, so a mechanism 
(a movable sheave sliding mechanism) is provided in the belt type CVT to slide the 
movable sheave of the primary pulley. For example, one such movable sheave sliding 
mechanism slides the movable sheave using driving force from a motor such as an 
electric motor or a hydraulic motor. JP(A) 6-2493 10, for example, discloses a belt type 
continuously variable transmission with just such a movable sheave sliding mechanism. 

[0005] The movable sheave sliding mechanism in JP(A) 6-249310, 
however, has the motor positioned at a distance from the movable sheave, and multiple 
gears for transmitting the driving power from the motor to the movable sheave disposed 
between the motor and the primary pulley. As a result, room must be made for the 
movable sheave sliding mechanism which increases the size of the transmission, which is 
undesirable. 

SUMMARY OF THE INVENTION 

[0006] In view of the foregoing problems, this invention thus provides a 
belt type continuously variable transmission which improves upon the conventional art 
by enabling a movable sheave sliding mechanism and the transmission to be made 
compact. 

[0007] Thus, a first aspect of the invention relates to a belt type 
continuously variable transmission provided with two pulley shafts arranged in parallel a 
predetermined distance apart from each other, a movable sheave on each pulley shaft, the 
movable sheaves being able to slide in an axial direction on the pulley shafts, a fixed 
sheave arranged on each pulley shaft so as to face the moveable sheave on each pulley 
shaft, the fixed sheave and the movable sheave that face each another on each pulley 
shaft together forming a groove therebetween, and a belt wound around the grooves 
between the moveable sheaves and the fixed sheaves that face one another, in which at 
least one of the movable sheaves and a motor serving as a driving source for the moving 
sheave are integrally provided. 
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[0008] According to the first aspect of the invention, the motor and the 
movable sheave are able to be situated in a compact manner, thereby enabling the 
structure for sliding the movable sheave to be compact, which in turn enables the 
transmission itself to be compact. 

[0009] According to a second aspect of the invention, the belt type 
continuously variable transmission of the first aspect of the invention ftirther includes an 
integral rotating mechanism which rotates the motor integrally with the movable sheave, 
and a relative moving mechanism that moves the motor and the sheave relative to one 
another in the axial direction. 

[0010] According to the second aspect of the invention, the movable 
sheave is moved relative to the motor only when necessary (e.g., when the movable 
sheave is slid in the axial direction) and rotates integrally with the motor at all other times. 
As a result, in addition to achieving the effects displayed by the first aspect of the 
invention, loss due to needless relative rotation and friction and the like between the 
motor and the movable sheave is able to be reduced. 

[0011] According to a third aspect of the invention, in the belt type 
continuously variable transmission of the first or second aspects of the invention, a 
moving direction converting mechanism that converts force in the direction of rotation, 
which is driving force from the motor, into force in the axial direction is provided 
between, and directly on, the motor and the movable sheave. 

[0012] According to the third aspect of the invention, driving force 
from the motor can be transmitted to the moving sheave without using a set of gears. As 
a result, in addition to achieving the effects displayed by the first and second aspects of 
the invention, the movable sheave sliding mechanism and the transmission can be made 
even more compact and driving loss at the movable sheave sliding mechanism can be 
reduced because the driving loss at the set of gears is eliminated. 

[0013] According to a fourth aspect of the invention, in the belt type 
continuously variable transmission of the first or second aspects of the invention, the 
motor is provided with an inner rotor which is integrated with the pulley shaft and an 
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outer rotor which generates driving force by rotating relative to the inner rotor. Also, the 
pulley shaft is provided with a bearing that rotates the outer rotor relative to the pulley 
shaft, and a moving direction converting mechanism that converts force in the direction 
of rotation of the outer rotor to force in the axial direction is provided between the outer 
rotor and the movable sheave. 

[0014] According to the fourth aspect of the invention, driving force 
from the motor can be transmitted to the movable sheave by the moving direction 
converting mechanism without using a set of gears. As a result, in addition to achieving 
the effects displayed by the first and second aspects of the invention, the movable sheave 
sliding mechanism and the transmission can be made even more compact and driving loss 
at the movable sheave sliding mechanism can be reduced because the driving loss at the 
set of gears is eliminated. Further, the pulley shaft can receive the reaction force caused 
by the thrust of the motor via the bearing and the relative rotation between the outer rotor 
and the pulley shaft can be limited by the stroke in the sliding direction of the movable 
sheave so loss at the bearing can be reduced. 

[0015] According to a fifth aspect of the invention, in the belt type 
continuously variable transmission of the first, second, third, or fourth aspects of the 
invention, a hydraulic pressure chamber which pushes the movable sheave toward the 
fixed sheave using hydraulic pressure is provided in serial with the motor in the axial 
direction. 

[0016] According to the fifth aspect of the invention, the movable 
sheave can be pushed toward the fixed sheave by hydraulic pressure in the hydraulic 
pressure chamber. As a result, in addition to achieving the effects displayed by the first, 
second, third, or fourth aspects of the invention, output of the motor can be reduced, 
which enables the motor to be more compact, in turn enabling the transmission itself to 
be more compact. 

[0017] According to a sixth aspect of the invention, in the belt type 
continuously variable transmission of the fifth aspect of the invention, at least one wall 
surface that forms the hydraulic pressure chamber is formed by the motor. 
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[0018] According to the sixth aspect of the invention, the motor and the 
movable sheave can be situated in a compact manner when forming the hydraulic 
pressure chamber. As a result in addition to achieving the effects displayed by the fifth 
aspect of the invention, the transmission itself can be made even more compact. 

[0019] According to a seventh aspect of the invention, in the belt type 
continuously variable transmission of the sixth aspect of the invention, the motor is a 
hydraulic motor and an oil chamber in the motor and the hydraulic pressure chamber are 
arranged facing one another in the axial direction across the wall surface formed by the 
motor. 

[0020] According to the seventh aspect of the invention, the internal 
pressure between the oil chamber in the motor and the hydraulic pressure chamber can be 
made to cancel out. As a result, in addition to achieving the effects displayed by the 
sixth aspect of the invention, the wall surface of the motor can be made thinner, thereby 
further reducing the weight of the motor. 

[0021] Also, according to an eighth aspect of the invention, in the belt 
type continuously variable transmission of the seventh aspect of the invention, the oil 
chamber in the motor and the hydraulic pressure chamber are connected to each other. 

[0022] According to the eighth aspect of the invention, hydraulic fluid 
is able to flow back and forth between the oil chamber in the motor and the hydraulic 
pressure chamber. As a result, in addition to achieving the effects displayed by the 
seventh aspect of the invention, the amount of hydraulic fluid consumed can be reduced, 
which in turn enables the oil pump to be of a smaller capacity. 

[0023] Furthermore, according to a ninth aspect of the invention, in the 
belt type continuously variable transmission of any one of the first through the eighth 
aspects of the invention, one of the pulley shafts is a primary side pulley shaft and the 
other of the pulley shafts is a secondary side pulley shaft, a movable sheave provided 
integrally with the motor is arranged on the primary side pulley shaft, and a plurality of 
pushing mechanisms that push the movable sheave toward the fixed sheave are provided 
on the movable sheave on the secondary side pulley shaft. 
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[0024] According to the ninth aspect of the invention, squeezing force 
is generated between the movable sheave and the fixed sheave. As a result, in addition 
to achieving the effects displayed by the any one of the first through the eighth aspects of 
the invention, it is also possible to prevent the belt from slipping. In addition, control 
over the squeezing force can be improved if that squeezing force is divided between 
pushing mechanisms and at least one of those pushing mechanisms operates by hydraulic 
pressure, for example. 

[0025] Also, according to a tenth aspect of the invention, in the belt 
type continuously variable transmission of the ninth aspect of the invention, at least one 
of the pushing mechanisms is a torque cam. 

[0026] According to the tenth aspect of the invention, the torque cam 
rotates relative to the moveable sheave when squeezing force is generated. As a result, 
in addition to achieving the effects displayed by the ninth aspect of the invention, torsion 
between the fixed sheave and the movable sheave can be suppressed. 

[0027] Also, according to an eleventh aspect of the invention, in the 
belt type continuously variable transmission of the tenth aspect of the invention, an 
absorbing mechanism that makes the torque cam operate smoothly is provided on the 
fixed sheave on the secondary side pulley shaft or the movable sheave on the secondary 
side pulley shaft. 

[0028] According to the eleventh aspect of the invention, in addition to 
achieving the effects displayed by the tenth aspect of the invention, shock generated 
when the clearance in the torque cam is taken up during a speed ratio change (i.e., when 
the torque cam is switched between the driving and driven states) can be reduced. 

[0029] Also, according to a twelfth aspect of the invention, in the belt 
type continuously variable transmission of the eleventh aspect of the invention, a 
structure which changes the degree of absorption according to the speed ratio is provided 
in the absorbing mechanism. 

[0030] According to the twelfth aspect of the invention, in addition to 
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achieving the effects displayed by the eleventh aspect of the invention, even when the 
speed ratio is different, shock generated when the clearance in the torque cam is taken up 
during a speed ratio change (i.e., when the torque cam is switched between the driving 
and driven states) can be reduced according to that speed ratio. 

[0031] In this way, the belt type continuously variable transmission 
according to this invention provides the motor and the movable sheave integrally, which 
enables the movable sheave sliding mechanism to be more compact, in turn enabling the 
transmission itself to be made more compact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The foregoing and/or further objects, features and advantages of 
this invention will become more apparent from reading the following description of 
preferred embodiments with reference to the accompanying drawings, in which like 
numerals are used to represent like elements and wherein: 

FIG I is a skeleton view of the overall structure of a power transmitting 
apparatus provided with a belt type continuously variable transmission according to a 
first exemplary embodiment of the invention; 

FIG 2 is a view showing the structure of a primary pulley side with a hydraulic 
motor in the belt type continuously variable transmission according to the first exemplary 
embodiment of the invention; 

FIG. 3 is a sectional view of the hydraulic motor as shown taken along line X-X 
in FIG 2; 

FIG 4 is a view showing the structure of a hydraulic pressure circuit in the belt 
type continuously variable transmission according to the first exemplary embodiment of 
the invention; 

FIG 5A is a view illustrating the operation of a speed ratio control switching 
valve according to the first exemplary embodiment, the drawing illustrating a valve 
position when hydraulic pressure is supplied to a first oil chamber; 
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FIG. 5B is a view illustrating the operation of a speed ratio control switching 
valve according to the first exemplary embodiment, the drawing illustrating a valve 
position when hydraulic pressure is supplied to both the first oil chamber and a second oil 
chamber; 

FIG. 5C is a view illustrating the operation of a speed ratio control switching 
valve according to the first exemplary embodiment, the drawing illustrating a valve 
position when hydraulic pressure is supplied to the second oil chamber; 

FIG 6 is a view showing the structure of a secondary pulley side of the belt type 
continuously variable transmission according to the first exemplary embodiment of the 
invention; 

FIG. 7A is a view illustrating a torque cam according to the first exemplary 
embodiment of the invention, the drawing showing an example of a case in which a fixed 
sheave and a movable sheave of a secondary pulley are apart from one another; 

FIG 7B is a view illustrating a torque cam according to the first exemplary 
embodiment of the invention, the drawing showing an example of a case in which the 
fixed sheave and the movable sheave of the secondary pulley are close to each other; 

FIG 8 is a view of the structure of a secondary pulley side of a belt type 
continuously variable transmission according to a second exemplary embodiment of the 
invention; 

FIG 9 is a sectional view of an absorbing mechanism shown taken along line Y- 
Yin FIG 8; and 

FIG 10 is a view of the structure of a primary pulley side of a belt type 
continuously variable transmission according to a third exemplary embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033] In the following description and the accompanying drawings, 
the present invention will be described in more detail in terms of exemplary embodiments. 
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It is to be understood that the invention is not to be limited in any way to these exemplary 
embodiments. 

[0034] A belt type continuously variable transmission according to a 
first exemplary embodiment of the invention will be described with reference to FIGS. 1 
to 7B. 

[0035] First, the overall structure of a power transmitting apparatus 
provided with the belt type continuously variable transmission according to the invention 
will be described with reference to FIG. 1 . 

[0036] This power transmitting apparatus includes an internal 
combustion engine 10 and a transaxle 20 arranged on the output side of the internal 
combustion engine 10. 

[0037] Referring to FIG 1, this transaxle 20 includes, in order from the 
output side of the internal combustion engine 10, a transaxle housing 21 mounted to the 
internal combustion engine 10, a transaxle case 22 mounted to the transaxle housing 21 , 
and a transaxle cover 23 mounted to the transaxle case 22, all of which encase the 
transaxle 20. 

[0038] First, a torque converter (propulsion unit) 30 is housed in the 
transaxle housing 21. This torque converter 30 increases the torque from the internal 
combustion engine 10 and transmits it to a belt type continuously variable transmission 
(hereinafter also referred to as simply "belt type CVT") 1, which will be described later. 
The torque converter 30 includes a pump impeller 31, a turbine runner 32, a stator 33, a 
lockup clutch 34, and a damper unit 35 and the like. 

[0039] In addition, an input shaft 38 which can rotate about the same 
axis as a crankshaft 11 of the internal combustion engine 10 is also provided in the 
transaxle housing 21. The turbine runner 32 is mounted to an end portion, on the 
internal combustion engine 10 side, of the input shaft 38. The lockup clutch 34 is also 
mounted via the damper unit 35 to the same end of the input shaft as the turbine runner 
32. 

[0040] Meanwhile, a front cover 37 of the torque converter 30 is 
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coupled to an end portion on the transaxle 20 side of the crankshaft 11, and the pump 
impeller 3 1 is connected to this front cover 37. 

[0041] The pump impeller 31 is arranged facing the turbine runner 32, 
with the stator 33 on the inside between the two. Also, a hollow shaft 36 connected to 
the transaxle housing 21 (or the transaxle case 22) is coupled to the stator 33 via a one- 
way clutch 39, with the input shaft 38 being arranged inside the hollow shaft 36. 

[0042] Hydraulic fluid is supplied in a casing (not shown) formed by 
the front cover 37 and the pump impeller 3 1 and the like described above. 

[0043] Next, operation of the torque converter 30 will be described. 

[0044] First, torque from the internal combustion engine 10 is 
transmitted from the crankshaft 11 to the front cover 37 via a drive plate 12. When the 
lockup clutch 34 is released by the damper unit 35, the torque transmitted to the front 
cover 37 is transmitted to the pump impeller 3 1 . Hydraulic fluid circulating between the 
pump impeller 31 and the turbine runner 32 transmits this torque to the turbine runner 32, 
which in turn transmits it to the input shaft 38. 

[0045] An oil pump (hydraulic pump) 26 shown in FIG. 1 is provided 
between the torque converter 30 and a forward -re verse switching mechanism 40, which 
will be described later. The oil pump 26 is connected to the pump impeller 31 via a 
cylindrical hub 28 by a rotor 27. A body (case) 29 of the oil pump 26 is fixed to the 
transaxle case 22 side. Also, the hub 28 is spline-fitted to a hollow shaft 103. 
According to the structure described above, power from the internal combustion engine 
10 is transmitted to the rotor 27 via the pump impeller 31, thus making it possible to drive 
the oil pump 26. 

[0046] Next, the forward-reverse switching mechanism 40, the belt type 
CVT 1, and a final reduction gear 70 which makes up a differential gear unit are housed 
in the transaxle case 22 and transaxle cover 23. 

[0047] First, the forward-reverse switching mechanism 40 includes a 
planetary gear set 41, a forward clutch 42, and a reverse brake 43, and transmits torque 
from the internal combustion engine 10 which has been transmitted to the input shaft 38 
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in the torque converter 30 to a primary pulley 50 of the belt type CVT 1, which will be 
described later. 

[0048] The planetary gear set 41 includes a sun gear 44, a plurality of 
(e.g., three) pinions (planetary pinions) 45, and a ring gear 46. 

[0049] The sun gear 44 is spline-fitted to a coupling member (not 
shown). This coupling member is spline-fitted to a primary shaft (pulley shaft) 51 
which is a rotating shaft of the primary pulley 50. According to this structure, torque 
transmitted to the sun gear 44 is then transmitted to the primary shaft 51 . 

[0050] Further, the pinions 45 are arranged around, and in mesh with, 
the sun gear 44. The pinions 45 are supported on a carrier 48 so as to be able to rotate 
independently and freely as well as together as a group around the sun gear 44. This 
carrier 48 is connected at an outer peripheral edge portion to the reverse brake 43. 

[0051] Further, the ring gear 46 is in mesh with each pinion 45 
supported on the carrier 48, and is connected to the input shaft 38 in the torque converter 
30 via the forward clutch 42. 

[0052] The forward clutch 42 is controlled on and off by hydraulic fluid 
supplied to the hollow portion of the input shaft 38. A brake piston (not shown) is used 
for this on/off control. During forward running, the forward clutch 42 is on and the 
reverse brake 43 is off. During reverse running, the forward clutch 42 is off and the 
reverse brake 43 is on. 

[0053] Next, the general structure of the belt type continuously variable 
transmission 1 will be described. This belt type CVT 1 includes the primary shaft 
(pulley shaft) primary shaft 51 arranged concentric with the input shaft 38 and a 
secondary shaft (pulley shaft) 61 arranged in parallel with, and spaced at a predetermined 
distance from, the primary shaft 51. This primary shaft 51 is rotatably supported by 
bearings 81 and 82 shown in FIG. 1. The secondary shaft 61 is rotatably supported by 
bearings 83 and 84 shown in FIG. 1. 

[0054] First, the primary pulley 50 shown in FIG 1 is provided on the 
primary shaft 51. This primary pulley 50 includes a fixed sheave 52 integrally arranged 
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on the outer periphery of the primary shaft 51 and a movable sheave 53 that can slide in 
the axial direction of the primary shaft 51. 

[0055] This movable sheave 53 is spline-fitted to the primary shaft 51 
with splines 54 shown in FIG 2. Also, a V-shaped groove 80a is formed between the 
opposing surfaces of the fixed sheave 52 and movable sheave 53. 

[0056] Further, a movable sheave sliding mechanism 55 is provided on 
the primary shaft 51. This movable sheave sliding mechanism 55 moves the movable 
sheave 53 closer to or away from the fixed sheave 52 by sliding it in the axial direction of 
the primary shaft 51. The movable sheave sliding mechanism 55 according to the first 
exemplary embodiment will now be described in more detail. 

[0057] As shown in FIG. 2, the movable sheave sliding mechanism 55 
is provided with a hydraulic motor 550 which is a driving source for sliding the movable 
sheave 53 in the axial direction of the primary shaft 51, and a moving direction 
converting mechanism 551 that converts the driving force (i.e., the driving force in the 
direction of rotation) of the hydraulic motor 550 to a force in the sliding direction of the 
movable sheave 53. 

[0058] First, a motor which uses the rotation of an outer rotor generated 
by the relative rotation between the outer rotor and an inner rotor as the driving force is 
used as the hydraulic motor 550 according to the first exemplary embodiment of the 
invention. As shown in FIG 3, for example, a so-called vane motor is used which 
includes an outer rotor 550a and vanes (blades) 550b and 550b as the inner rotor. The 
vane motor rotates the outer rotor 550a using hydraulic fluid supplied to first oil 
chambers 550c and 550c (or second oil chambers 550d and 550d) formed between the 
outer rotor 550a and the inner rotors 550b and 550b. The vanes 550b and 550b in the 
first exemplary embodiment are integrally formed with the primary shaft 51. 

[0059] The outer rotor 550a is arranged concentric with the primary 
shaft 51 in a hollow portion in the movable sheave 53 on the opposite side from the 
groove 80a. The outer rotor 550a is able to rotate relative to the primary shaft 5 1 around 
the rotational axis thereof via a bearing 51a shown in FIG 2 which can rotate together 
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with the primary shaft 5 1 . 

[0060] An outer peripheral portion of the outer rotor 550a is mounted to 
an inner wall surface of the hollow portion in the movable sheave 53. as shown in FIG 2. 
For example, a so-called moving screw, such as a multiple thread screw or a sliding screw 
which converts rotational force of the outer rotor 550a into force in the axial direction of 
the outer rotor 550a ? is used as the moving direction converting mechanism 551 in the 
first exemplary embodiment. As a result, a large amount of thrust is able to be 
generated with a relatively small amount of torque such that the output (torque) of the 
hydraulic motor 550 can be reduced. As a result, it is possible to improve efficiency by 
reducing the hydraulic pressure, as well as make the hydraulic motor 550 more compact. 

[0061] Further, the moving direction converting mechanism 551 rotates 
the outer rotor 550a together (i.e., integrally) with the movable sheave 53 in the rotational 
direction of the primary shaft 51. Therefore, the moving direction converting 
mechanism 551 also functions as an integral rotating mechanism which integrally rotates 
the hydraulic motor 550 with the movable sheave 53. 

[0062] In addition, the bearing 51a and the moving direction converting 
mechanism 551 together form a relative moving mechanism that enables relative 
movement between the movable sheave 53 and the hydraulic motor 550. For example, 
when the outer rotor 550a is rotated, this rotational force (torque) becomes the thrust of 
the hydraulic motor 550 for sliding the movable sheave 53 via the moving direction 
converting mechanism 551. A reaction force caused by the thrust acts on the bearing 
51a, but since the bearing 51a is fixed to the primary shaft 51, the outer rotor 550a does 
not move at all in the direction of the reaction force. As a result, the movable sheave 53 
moves relative to the hydraulic motor 550 and comes closer to the fixed sheave 52. In 
this way, when the outer rotor 550a is rotated, the movable sheave 53 can be slid in the 
axial direction of the primary shaft 51. 

[0063] Also, since the bearing 51a is fixed to the primary shaft 51, the 
primary shaft 51 can receive the reaction force caused by the thrust of the hydraulic 
motor 550 via the bearing 51a. Moreover, the relative rotation between the outer rotor 
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550a and the primary shaft 51 is limited by the stroke in the sliding direction of the 
movable sheave 53. Therefore, in the first exemplary embodiment, the reaction force 
does not act on static systems such as the transaxle case 22 and the transaxle cover 23, 
and the bearing 51a rotates almost not at all, so loss at the bearing 51a can be reduced. 

[0064] The vanes 550b and 550b of the hydraulic motor 550 are 
provided integrally with the primary shaft 51, as described above. Therefore, if the 
hydraulic motor 550 is not rotating, the outer rotor 550a of the hydraulic motor 550 
rotates at the same speed as the primary shaft 51. If there is relative rotation between 
the outer rotor 550a and the vanes 550b and 550b, then the outer rotor 550a of the 
hydraulic motor 550 rotates at a different speed than the primary shaft 51. 

[0065] Moreover, fluid passages 51b and 51c are provided in the 
primary shaft 51 (or vanes 550b and 550b) as shown in FIG. 3. The fluid passage 51b is 
connected to the first oil chambers 550c and 550c and supplies hydraulic fluid to, or 
drains hydraulic fluid from, the first oil chambers 550c and 550c. Similarly, the fluid 
passage 51c is connected to the second oil chambers 550d and 550d and supplies 
hydraulic fluid to, or drains hydraulic fluid from, the second oil chambers 550d and 550d. 

[0066] These fluid passages 51b and 51c are connected to a speed ratio 
control switching valve 56, as shown in FIG 4. Hydraulic fluid is supplied to this speed 
ratio control switching valve 56 via an oil tank OT, an oil pump (O/P) OP, a fluid passage 
59b, a regulator valve 59, a fluid passage 58a, a squeezing pressure regulating valve 58, 
and a fluid passage 56a, as shown in FIG. 4. 

[0067] The speed ratio control switching valve 56 switches the oil 
chambers (the first oil chambers 550c and 550c or the second oil chambers 550d and 
550d) to which hydraulic fluid is to be supplied by switching the position of a valve in 
which a plurality of fluid passages are formed. This switching is performed by adjusting 
the difference between the repulsion force of a spring arranged in a cylinder and the 
pressure of a fluid such as air or hydraulic fluid supplied to that cylinder. The pressure 
of the fluid is controlled by an electronic control unit (ECU), which will be described 
later. 
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[0068] When the valve in the speed ratio control switching valve 56 is 
switched to a position that allows hydraulic fluid to be supplied to the first oil chambers 
550c and 550c ? as shown in FIG 5A, the hydraulic motor 550 rotates in the normal 
direction. Conversely, when the valve in the speed ratio control switching valve 56 is 
switched to a position that allows hydraulic fluid to be supplied to the second oil 
chambers 550d and 550d, as shown in FIG 5B, the hydraulic motor 550 rotates in the 
reverse direction. 

[0069] Also, when the valve in the speed ratio control switching valve 
56 is switched to a position that allows hydraulic fluid of the same pressure to be supplied 
to both the first oil chambers 550c and 550c and the second oil chambers 550d and 550d, 
as shown in FIG 5C, the hydraulic motor 550 stops rotating altogether. Therefore, the 
speed ratio control switching valve 56 can also be used when the speed ratio is fixed. 

[0070] In this way, according to the first exemplary embodiment, the 
hydraulic motor 550 and the movable sheave 53 are integrally arranged on the primary 
shaft 51, which enables them to be situated in a compact manner, thereby enabling the 
movable sheave sliding mechanism 55 that slides the movable sheave 53 to be compact. 
Making the movable sheave sliding mechanism 55 compact in turn enables the belt type 
CVT 1 itself to be made compact. Moreover, using the hydraulic motor 550 such as the 
vane motor described above and providing the moving direction converting mechanism 
551 also described above obviates the need for the set of gears to transmit the driving 
force from the motor to the movable sheave 53, which enables the movable sheave 
sliding mechanism 55 and the belt type CVT 1 to be even more compact. 

[0071] Further, since the moving direction converting mechanism 551 
is used to slide the movable sheave 53 as described above, there is no driving loss 
generated by the set of gears as in the related art so the driving loss at the movable sheave 
sliding mechanism 55 can be reduced. 

[0072] Moreover, a pushing mechanism is provided on the primary 
shaft 51 in the first exemplary embodiment. This pushing mechanism pushes the 
movable sheave 53 toward the fixed sheave 52, thereby generating a squeezing force in 
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the axial direction between the fixed sheave 52 and the movable sheave 53. 

[0073] The pushing mechanism includes a hydraulic pressure chamber 
57 shown in FIG. 4 formed between the hydraulic motor 550 (the outer rotor 550a) and 
the movable sheave 53, a fluid passage 5 Id shown in FIG. 4 formed in the primary shaft 

51, for example, which connects to the hydraulic pressure chamber 57, and the squeezing 
pressure regulating valve 58 shown in FIG. 4 which is connected to the fluid passage 5 Id. 

[0074] In this way, in the first exemplary embodiment the hydraulic 
motor 550 (the outer rotor 550a) forms part of the hydraulic pressure chamber 57, which 
enables the pushing mechanism to be made smaller, thus helping to make the belt type 
CVT 1 more compact. 

[0075] The pushing mechanism generates squeezing pressure between 
the fixed sheave 52 and the movable sheave 53 by supplying hydraulic pressure from the 
squeezing pressure regulating valve 58, which is the supply pressure of the hydraulic 
fluid regulated by the ECU, to the hydraulic pressure chamber 57. This squeezing 
pressure prevents a belt 80, to be described later, from slipping. Also, the hydraulic 
pressure chamber 57 is provided in series with the hydraulic motor 550 (the outer rotor 
550a) in the axial direction of the primary shaft 51 so that hydraulic pressure within the 
hydraulic pressure chamber 57 can push the movable sheave 53 toward the fixed sheave 

52. As a result, output from the hydraulic motor 550 can be reduced, which enables the 
hydraulic motor 550 to be made smaller, in turn making the belt type CVT 1 more 
compact. 

[0076] Here, the squeezing pressure regulating valve 58 is connected to 
the speed ratio control switching valve 56 described above via the fluid passage 56a 
shown in FIG. 4. Hydraulic pressure from the squeezing pressure regulating valve 58 is 
supplied via the speed ratio control switching valve 56 to the first oil chambers 550c and 
550c and the second oil chambers 550d and 550d in the hydraulic motor 550. 

[0077] Also, because the hydraulic pressure chamber 57 and the first 
and second oil chambers 550c and 550d in the hydraulic motor 550 are arranged facing 
one another in the axial direction of the primary shaft 5 1 and the pressures in these oil 
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chambers are the same, the internal pressure between the hydraulic pressure chamber 57 
and the first and second oil chambers 550c and 550d cancels out. Therefore, the wall 
surface of the hydraulic motor 550 (the outer rotor 550a) between the hydraulic pressure 
chamber 57 and the first and second oil chambers 550c and 550d can be made thin, thus 
reducing weight. 

[0078] Further, the hydraulic pressure chamber 57 and the first and 
second oil chambers 550c and 550d of the hydraulic motor 550 are connected via the 
fluid passage 5 Id, the fluid passage 56a, the speed ratio control switching valve 56, the 
fluid passage 51b, and the fluid passage 51c. Therefore, the hydraulic fluid is able to 
flow back and forth between the hydraulic pressure chamber 57 and the first and second 
oil chambers 550c and 550d. This is particularly useful when there is a sudden 
downshift. That is, being able to supply the hydraulic fluid that was discharged from the 
hydraulic pressure chamber 57, which will be described later, to the second oil chambers 
550d and 550d improves response during a speed ratio change. Moreover, enabling the 
hydraulic fluid to flow back and forth reduces the consumption amount of hydraulic fluid 
supplied from the oil pump OP, which in turn enables the oil pump OP to be made 
smaller. 

[0079] Next, a secondary pulley 60 shown in FIG. 1 is mounted to the 
secondary shaft 61. This secondary pulley 60 includes a fixed sheave 62 mounted 
integrally to the outer peripheral of the secondary shaft 61 and the movable sheave 63 
which is able to slide in the axial direction of the secondary shaft 61. This movable 
sheave 63 is spline-fitted to the secondary shaft 61 with splines 64 shown in FIG. 6. 
Also, a V-shaped groove 80b is formed between opposing surfaces of the fixed sheave 62 
and the movable sheave 63. 

[0080] Furthermore, a pushing mechanism is provided on the secondary 
shaft 61. This pushing mechanism pushes the movable sheave 63 toward the fixed 
sheave 62, thereby generating a squeezing force in the axial direction between the fixed 
sheave 62 and the movable sheave 63. Two types of pushing mechanisms are provided 
in this first exemplary embodiment: a torque cam 65 and a hydraulic pressure chamber 
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66. 

[0081] First,. as shown in FIGS. 6, 7A, and 7B ; for example, the torque 
cam 65 according to this first exemplary embodiment includes a mountain-and-valley- 
shaped first engaging portion 65a provided annularly around the movable sheave 63 , a 
torque cam main body 65c which has a mountain-and-valley-shaped second engaging 
portion 65b facing the first engaging portion 65a, and a plurality of spherical members 
65d arranged between the first and second engaging portions 65a and 65b. 

[0082] A bearing 61a shown in FIG. 6 that is fixed to the secondary 
shaft 61 and a bearing 61b arranged between the torque cam main body 65c and the 
secondary shaft 61 enables the torque cam main body 65c to rotate relative to both the 
secondary shaft 6 1 and the movable sheave 63 around the rotational axes thereof. 

[0083] Accordingly, even if the movable sheave 63 moves closer to the 
fixed sheave 62, for example, (in other words, even if the first engaging portion 65a 
moves away from the second engaging portion 65b), relative rotation between the torque 
cam main body 65c and the movable sheave 63 which rotates together with the secondary 
shaft 61 changes the torque cam 65 from the state shown in FIG. 7A to the state shown in 
FIG. 7B, which enables surface pressure to be generated between the first engaging 
portion 65a, the second engaging portion 65b, and the spherical members 65d. 
Accordingly, the second engaging portion 65b and the spherical members 65d push on 
the first engaging portion 65a, thus generating a squeezing force between the fixed 
sheave 62 and the movable sheave 63, making it possible to prevent the belt 80 from 
slipping. 

[0084] Further, since the torque cam main body 65c and the movable 
sheave 63 rotate relative to one another, the movable sheave 63 and the fixed sheave 62 
will not wrench on each other even if the torque cam main body 65c generates thrust 
against the movable sheave 63. As a result, durability of the belt 80 can be improved 
and the range of the speed ratio is able to be increased. This in turn enables the relative 
positions of the primary pulley 50 and the secondary pulley 60 to be maintained at their 
respective initial settings, which also contributes to improved durability. 
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[0085] The pressure from the surface pressure against the thrust of the 
torque cam 65 can be received by the secondary shaft 61 via the bearing 61a. In this 
way, the pressure does not act on static systems and the bearing 61a rotates almost not at 
all, so loss at the bearing 61a can be reduced, just like with the primary pulley 50. 

[0086] Further, the working areas of the torque cam 65 (i.e., the first 
and second engaging portions 65a and 65b, and the spherical members 65d) are arranged 
on the outer diameter side of the movable sheave 63, which reduces the surface pressure 
between the first engaging portion 65a, the second engaging portion 65b, and the 
spherical member 65d. 

[0087] The hydraulic pressure chamber 66 in the first exemplary 
embodiment is formed by a hollow portion on the opposite side of the movable sheave 63 
from the groove 80b and a cylindrical member 67 that is formed on, and concentric with, 
the secondary shaft 61 . 

[0088] This hydraulic pressure chamber 66 is on the inner diameter side 
of the movable sheave 63 so its volume can be made small. Accordingly, the volumetric 
flow of hydraulic fluid into the hydraulic pressure chamber 66 during a sudden shift or 
the like is able to be reduced. 

[0089] The hydraulic pressure chamber 66 is connected, for example, to 
the fluid passage 61c shown in FIG. 4 formed in the secondary shaft 61, and is further 
connected to the squeezing pressure regulating valve 58 via the fluid passage 5 Id which 
is connected to the fluid passage 61c. 

[0090] In this way, the pushing mechanism of the primary pulley 60 
formed of the hydraulic pressure chamber 66, the fluid passage 61c, and the squeezing 
pressure regulating valve 58 prevents the belt 80 from slipping by generating the 
squeezing force between the fixed sheave 62 and movable sheave 63 by supplying 
hydraulic pressure from the squeezing pressure regulating valve 58, which is the supply 
pressure of the hydraulic fluid regulated by the ECU, to the hydraulic pressure chamber 
66. 

[0091] Also, even if there is a disturbance in the torque such as may 
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occur during a speed ratio change (when the movable sheave 63 in the secondary pulley 
60 is driven or stopped) such that thrust from the torque cam 65 is unable to be obtained, 
the desired squeezing force is still able to be generated by the pushing mechanism formed 
by the hydraulic pressure chamber 66 and the like which operates by hydraulic pressure 
independent of the torque cam 65. As a result, it is possible to more reliably prevent the 
belt 80 from slipping, in turn making it possible to improve reliability and drivability. 

[0092] An elastic member 68 such as a coil spring is provided in the 
hydraulic pressure chamber 66 in the first exemplary embodiment. One end of this 
elastic member 68 is fixed to a wall surface of the hollow portion in the movable sheave 
63, while the other end is fixed to the cylindrical member 67. 

[0093] In the first exemplary embodiment, the torque cam 65 is set by 
the cam angle (e.g., nonlinear cam) such that the thrust from the torque cam 65 is lower 
than the required thrust and the difference between the two is made up for by the pushing 
mechanism, formed by the 66 and the like, and/or the elastic member 68. As a result, 
the belt 80 is not squeezed by more force than is necessary, thereby improving its 
durability which reduces loss at the belt 80 and improves power transmitting efficiency. 

[0094] Further, it is also possible to have the pushing mechanism 
formed by the hydraulic pressure chamber 66 and the like and/or the elastic member 68 
receive the thrust corresponding to the torque when the internal combustion engine 10 is 
not being driven. Doing so suppresses movement of the movable sheave 63 which can 
occur when the torque cam 65 operates (i.e., shifting), thereby enabling a constant speed 
ratio to be maintained. The belt squeezing force is also able to be maintained at the 
required value. 

[0095] Moreover, the pushing mechanism on the secondary pulley 60 
side is not necessarily limited to the two types as described in this exemplary 
embodiment, but may alternatively be one type or three or more types. Providing at 
least two types of pushing mechanisms is preferable for increasing control over the 
squeezing force between the fixed sheave 62 and the movable sheave 63. That is, 
control over the squeezing pressure can be improved by dividing the squeezing pressure 
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between the pushing mechanisms and having at least one of those pushing mechanisms 
(the hydraulic pressure chamber 66 in the first exemplary embodiment) operate by 
hydraulic pressure. 

[0096] Next, a counter drive pinion 92 is fixed to the internal 
combustion engine 10 side of the secondary shaft 61 with bearings 87 and 88 of the 
secondary shaft 61 arranged on both sides of the counter drive pinion 92. 

[0097] A power transmission path 90 having an intermediate shaft 91 
that is parallel to the secondary shaft 61 is provided between the counter drive pinion 92 
and the final reduction gear 70, which will be described later. This intermediate shaft 91 
is rotatably supported by bearings 85 and 86 and includes a counter driven gear 93, which 
is in mesh with the counter drive pinion 92, and a final drive pinion 94. 

[0098] A parking gear 102 is arranged between the secondary pulley 60 
on the secondary shaft 61 and the transaxle cover 23. 

[0099] In this belt type CVT 1, the belt 80 is wound around the V- 
shaped grooves 80a and 80b of the primary pulley 50 and the secondary pulley 60. This 
belt 80 is an endless belt made up of a plurality of metal pieces and a plurality of steel 
rings, which transmits torque that was transmitted from the internal combustion engine 
10 to the primary pulley 50, from the primary pulley 50 to the secondary pulley 60. 

[0100] Next, the final reduction gear 70 will be described. This final 
reduction gear 70 includes a hollow differential case 71, a pinion shaft 72, pinions 73 and 
74, and side gears 75 and 76. 

[0101] The differential case 71 is rotatably supported by bearings 77 
and 78. A ring gear 79 which is in mesh with the final drive pinion 94 is provided on 
the outer periphery of the differential case 71. 

[0102] The pinions 73 and 74 are fixed to the pinion shaft 72, and the 
pinion shaft 72 is mounted in the hollow portion of the differential case 71. 

[0103] Also, the side gears 75 and 76 are both fixed to a drive shaft (a 
front drive shaft, in this case) on which a vehicle wheel 100 is mounted. 

[0104] Inside the transaxle case 22 structured as described above, 
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lubricating oil stored in the bottom portion (an oil pan) of the transaxle case 22 is picked 
up by the rotating ring gear 79 and transmitted and dispersed to the meshing surfaces of 
the various gears 94, 93, and 92. As a result, the lubricating oil lubricates the various 
structural members (such as the various shafts 101, 91, 61 and the various bearings 83 to 
88 and the like) in the final reduction gear 70 and the like. The lubricating oil also 
lubricates the primary shaft 51 and the like by dripping onto them after being kicked up 
and hitting the inside wall surface of the transaxle case 22. 

[0105] The various structural elements starting with the belt type CVT 
1 are controlled by the electronic control unit (ECU), not shown, based on information 
provided by various sensors. Data for performing shift control of the belt type CVT 1, 
such as data for controlling the speed ratio of the belt type CVT 1 in response to the 
running conditions based on information such as the accelerator opening amount and the 
vehicle speed, for example, is stored in advance in the ECU. Operation of the movable 
sheave sliding mechanism 55 and the pushing mechanisms (i.e., the torque cam 65 and 
the hydraulic pressure chamber 66) during control of the speed ratio will now be 
described in detail. 

[0106] First, a case in which the speed ratio is reduced for acceleration 
will be described. The ECU in this case controls the regulator valve 59, the squeezing 
pressure regulating valve 58, and the speed ratio control switching valve 56 to supply 
hydraulic fluid into the first oil chambers 550c and 550c so as to move the movable 
sheave 53 closer to the fixed sheave 52 in order to achieve a winding radius of the belt 80 
on the primary pulley 50 that corresponds to the desired speed ratio. 

[0107] In this case, the ECU adjusts the valve position as shown in FIG. 
5A by controlling the pressure of the working fluid in the speed ratio control switching 
valve 56. As a result, hydraulic fluid is supplied to the first oil chambers 550c and 550c 
while being drained from the second oil chambers 550d and 550d, such that the outer 
rotor 550a of the hydraulic motor 550 rotates relative to the primary shaft 51 . 

[0108] As a result of this rotation of the hydraulic motor 550, the 
movable sheave 53 of the primary pulley 50 moves closer to the fixed sheave 52 via the 
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power transmitting portion 551 , while the movable sheave 63 of the secondary pulley 60 
moves away from the fixed sheave 62, thus reducing the speed ratio. 

[0109] At this time, the movable sheave 63 of the secondary pulley 60 
rotates together with the fixed sheave 62, the secondary shaft 61, and the bearing 61a, 
causing relative rotation between the movable sheave 63 and the torque cam main body 
65c such that the torque cam 65 changes from being in the separated state shown in FIG 
7B to the close state shown in FIG. 7A ? for example. As a result, squeezing force is 
generated between the fixed sheave 52 and the movable sheave 53, thereby preventing 
the belt 80 from slipping. 

[0110] Also, when the movable sheaves 53 and 63 slide, hydraulic fluid 
is supplied to the hydraulic pressure chamber 57 of the primary pulley 50 via the fluid 
passage 5 Id while hydraulic fluid is discharged from the hydraulic pressure chamber 66 
of the secondary pulley 60 via the fluid passage 61c. By supplying hydraulic fluid to 
the hydraulic pressure chamber 57 in the primary pulley 50, the movable sheave 53 is 
pushed in the sliding direction. This pushing pressure assists the sliding force of the 
movable sheave 53 by the hydraulic motor 550. Therefore, because the movable sheave 
53 is able to be slid sufficiently even when the hydraulic motor 550 is a low output motor, 
a small hydraulic motor 550 with reduced output is able to be used. 

[0111] The fluid passage 51d and the fluid passage 61c are connected to 
each other, as shown in FIG 4, so hydraulic fluid that drains from the hydraulic pressure 
chamber 66 in the secondary pulley 60 can be supplied to the hydraulic pressure chamber 
57 in the primary pulley 50. Further, the hydraulic fluid that is drained from the 
hydraulic pressure chamber 66 can also be supplied to the first oil chambers 550c and 
550c via the speed ratio control switching valve 56. Circulating the drained hydraulic 
fluid and sending it to other oil chambers in this way reduces the amount of hydraulic 
fluid consumed, thus making it possible to make the oil pump OP compact. 

[0112] As described above, after the speed ratio change described 
above has ended, the ECU adjusts the valve position of the speed ratio control switching 
valve 56 as shown in FIG 5B such that the same hydraulic pressure is applied from the 
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squeezing pressure regulating valve 58 to the first oil chambers 550c and 550c and the 
second oil chambers 550d and 550d. Accordingly, the hydraulic motor 550 stops 
rotating relative to the primary shaft 51 and starts to rotate together with the primary shaft 
51 and the movable sheave 53. Therefore, since there is no more difference in rotation 
between the hydraulic motor 550 and the primary shaft 51 and the movable sheave 53, 
loss due to needless relative rotation and friction and the like between them is able to be 
reduced. 

[0113] Here, the hydraulic pressure from the squeezing pressure 
regulating valve 58 is applied to both the hydraulic pressure chamber 57 in the primary 
pulley 50 as well as the hydraulic pressure chamber 66 in the secondary pulley 60. As a 
result, squeezing pressure is generated between the fixed sheave 52 and the movable 
sheave 53 in the primary pulley 50, as well as between the fixed sheave 62 and the 
movable sheave 63 in the secondary pulley 60, thereby preventing the belt 80 from 
slipping. 

[0114] Next, a case in which the speed ratio is increased for 
deceleration will be described. The ECU in this case controls the regulator valve 59, the 
squeezing pressure regulating valve 58, and the speed ratio control switching valve 56 to 
supply hydraulic fluid to the second oil chambers 550d and 550d so as to move the 
movable sheave 53 away from the fixed sheave 52 in order to achieve a winding radius of 
the belt 80 on the primary pulley 50 that corresponds to the desired speed ratio. 

[0115] In this case, the ECU adjusts the valve position as shown in FIG. 
5C by controlling the pressure of the working fluid in the speed ratio control switching 
valve 56. As a result, hydraulic fluid is supplied to the second oil chambers 550d and 
550d while being drained from the first oil chambers 550c and 550c, such that the outer 
rotor 550a of the hydraulic motor 550 rotates relative to the primary shaft 51. 

[0116] As a result of this rotation of the hydraulic motor 550, the 
movable sheave 53 of the primary pulley 50 moves away from the fixed sheave 52 via the 
power transmitting portion 551, while the movable sheave 63 of the secondary pulley 60 
moves closer to the fixed sheave 62, thus increasing the speed ratio. 
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[0117] At this time, the movable sheave 63 of the secondary pulley 60 
rotates together with the fixed sheave 62, the secondary shaft 61, and the bearing 6 la, 
causing relative rotation between the movable sheave 63 and the torque cam main body 
65c such that the torque cam 65 changes from being in the close state shown in FIG. 7A 
to the separated state shown in FIG. 7B, for example. As a result, squeezing force is 
generated between the fixed sheave 52 and the movable sheave 53, thereby preventing 
the belt 80 from slipping. 

[0118] Also, hydraulic fluid in the hydraulic pressure chamber 57 of the 
primary pulley 50 drains through the fluid passage 5 Id and is supplied to the hydraulic 
pressure chamber 66 of the secondary pulley 60 through the fluid passage 61c. In this 
case, the hydraulic fluid drained from the hydraulic pressure chamber 57 of the primary 
pulley 50 is supplied to the hydraulic pressure chamber 66 of the secondary pulley 60 and 
the second oil chambers 550d and 550d of the primary pulley 50. This is useful not only 
for reducing the capacity of the oil pump OP, as described above, but especially for 
improving response to a speed ratio change because hydraulic fluid in the hydraulic 
pressure chamber 57 can be supplied to the second oil chambers 550d and 550d and the 
hydraulic motor 550 can be rotated immediately for a sudden downshift. 

[0119] The operation after the speed ratio change is just like that when 
the speed ratio is increased. 

[0120] As described above, the belt type CVT 1 according to the first 
exemplary embodiment enables the transmission to be made more compact as well as 
reduces driving loss due to the rotation of various structural parts. 

[0121] A belt type continuously variable transmission according to a 
second exemplary embodiment of the invention will now be described with reference to 
FIGS. 8 and 9. 

[0122] The belt type CVT 1 according to the second exemplary 
embodiment is the same as the belt type CVT 1 in the first exemplary embodiment except 
for that an absorbing mechanism 69 shown in FIGS. 8 and 9 is provided on the secondary 
pulley 60 of the belt type CVT 1 of the first exemplary embodiment. 
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[0123] This absorbing mechanism 69 includes a donut shaped outer 
case 691 arranged on the cylindrical member 67 and two plate members 692 provided 
upright on the torque cam main body 65c. The outer case 691 has two hollow portions 
691a inside that are filled with a viscous fluid (such as hydraulic fluid), and rotates 
together with the cylindrical member 67. The plate members 692 each have a through- 
hole (orifice) 692a formed in the surface, and rotate together with the torque cam main 
body 65c. 

[0124] One of the plate members 692 is arranged in each hollow 
portion 691a and when the outer case 691 and the plate members 692 rotate relative to 
one another, the plate members 692 rotate inside the hollow portions 691a. A gap is 
provided between the inner wall surface of the hollow portions 691a and the end portion 
of each of the plate members 692. 

[0125] Accordingly, the plate members 692 are moved in the hollow 
portions 691a by operating the torque cam 65 during a speed ratio change. At that time, 
resistance is generated by the viscous fluid flowing through the orifices 692a and the gaps 
such that the relative motion between the torque cam main body 65c and the movable 
sheave 63 is smooth. As a result, shock generated when the clearance in the torque cam 
65 is taken up during a speed ratio change (i.e., when the torque cam 65 is switched 
between the driving and driven states) can be reduced. 

[0126] The degree of the resistance is adjusted by the gap between the 
end portion of the plate members 692 and the hollow portions 691a and the diameters of 
the orifices 692a. 

[0127] Also, the middle portion of the hollow portions 691a shown in 
FIG. 9 of the absorbing mechanism 69 can be made wider than both end portions of the 
hollow portions 691a such that the degree of absorption can be changed depending on the 
speed ratio. That is, the hollow portions 691a can be formed with widths that change in 
the circumferential direction such that the gaps between the end portions of the plate 
members 692 and the inner wall surface of the hollow portions 691a are wider when the 
plate members 692 are positioned in the middle portions of the hollow portions 691a and 
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smaller as the plate members 692 approach the side end portions of the hollow portions 
691a. 

[0128] As a result, the rate at which the plate members 692 move 
increases when they are positioned at the middle portions of the hollow portions 691a and 
decreases as they approach the ends of the hollow portions 691a. Accordingly, the 
degree of absorption (absorbing power) changes according to the speed ratio such that 
shock generated when the clearance in the torque cam 65 is taken up can be reduced. 
For example, setting the gap so that there is a lot of absorbing power during a downshift 
improves drivability. 

[0129] Since the movable sheave 63 is mounted on the secondary shaft 
61 using the splines 64, the movable sheave 63 and the fixed sheave 62 rotate in the same 
direction and at the same speed. Here, the absorbing mechanism 69 is not limited to 
being provided between the movable sheave 63 and the torque cam 65, as is described in 
this second exemplary embodiment, but may alternatively be provided on the fixed 
sheave 62 side. The absorbing mechanism 69 in this case may be structured such that a 
rotating member (not shown) which rotates together with the torque cam main body 65c 
is provided on the opposite side of the fixed sheave 62 from the groove 80b, the plate 
member 692 is mounted to that rotating member, and the outer case 691 is mounted to the 
fixed sheave 62. This rotating member may be independent of the torque cam 65, or 
may be an extension of the torque cam main body 65c, for example. 

[0130] Next, a belt type continuously variable transmission according 
to a third exemplary embodiment of the invention will be described with reference to FIG 
10. 

[0131] The belt type CVT 1 according to the second exemplary 
embodiment is the same as the belt type CVT 1 in the first and second exemplary 
embodiments except for that the hydraulic motor 550 of the movable sheave sliding 
mechanism 55 in the first and second exemplary embodiments is changed to an electric 
motor 552 shown in FIG. 10. 

[0132] The electric motor 552 is arranged in the hollow portion on the 
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opposite side of the movable sheave 53 from the groove 80a and concentric with the 
primary shaft 51. By supplying power to a three phase alternating current brush 552a 
which is connected to a battery 554 via an inverter 553, the electric motor 552 rotates the 
outer rotor 552b relative to the primary shaft 51 via a bearing 552c. Here, the electric 
motor 552 is switched between normal rotation and reverse rotation by controlling the 
power supplied to the three phase alternating brush 552a with the ECU. 

[0133] Also, a moving direction converting mechanism 551 which is 
the same as that in the first and second exemplary embodiments is provided between the 
outer peripheral portion of the outer rotor 552b and the inner wall surface of the hollow 
portion in the movable sheave 53. As a result, the movable sheave 53 is able to be slid 
in the axial direction of the primary shaft 51 by driving the electric motor 552. 

[0134] In this way, using the electric motor 552 of the structure and 
arrangement in the third embodiment enables the belt type CVT 1 to be more compact as 
well as reduces driving loss, just as do the first and second exemplary embodiments. 

[0135] Although not shown in the drawings, the hydraulic pressure 
chamber 57 may also be provided between the electric motor 552 and the movable sheave 
53 in the third exemplary embodiment, just as in the first and second exemplary 
embodiments. 

[0136] The foregoing first through the third exemplary embodiments 
illustrate examples in which a motor (the hydraulic motor 550 or the electric motor 552) 
is provided integrally with the movable sheave 53 on the primary pulley 50 side, but the 
invention is in no way limited to this. Alternatively, for example, a motor may be 
provided integrally with the movable sheave 63 on the secondary pulley 60 side, or one 
motor may be provided integrally with the movable sheave 53 on the primary pulley 50 
while another motor is provided integrally with the movable sheave 63 on the secondary 
pulley 60. 

[0137] Accordingly, the belt type continuously variable transmission 
according to this invention is particularly applicable for reducing both the size of a 
movable sheave sliding mechanism which slides a movable sheave using a motor, and the 
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size of the transmission itself. 

[0138] While the invention has been described with reference to 
exemplary embodiments thereof, it is to be understood that the invention is not limited to 
the exemplary embodiments or constructions. To the contrary, the invention is intended 
to cover various modifications and equivalent arrangements. In addition, while the 
various elements of the exemplary embodiments are shown in various combinations and 
configurations, which are exemplary, other combinations and configurations, including 
more, less or only a single element, are also within the spirit and scope of the invention. 



